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Magnetic-field-sensitive sensor arrangement 



The invention relates to a magnetic-field-sensitive sensor arrangement. 



German patent application 10141 37 1.8 discloses a magnetoresistive sensor 

5 device comprising at least one sensor element for measuring a magnetic field and a 

stabilizing magnet assigned to the sensor element. Said document furthermore mentions 
using magnetoresistive sensor devices as proximity sensors, movement sensors or position 
sensors. In this case, use is made of an external magnetic field which gives rise to a 
proportional voltage signal of the sensor element in the event of a change in the position of 

10 the object that is to be detected relative to the source of the external magnetic field. Such 
magnetoresistive sensor devices are used, for example, to detect reference marks when 
measuring a crankshaft angle. 

According to what is stated in German patent application 1 0 1 41 37 1 .8, the 
sensor elements which measure the magnetic field usually do not operate in the region of 

15 their saturation and are based on the principle of the anisotropic magnetoresistive effect. Such 
sensor elements are also referred to as AMR sensors. It is known to superpose on these 
sensor elements a magnetic field which stabilizes the transfer characteristic, this usually 
being effected by a stabilizing magnet assigned to the sensor element. In the case of passive, 
ferromagnetic objects that are to be detected, the magnet furthermore provides a field of 

20 action, the change in which under the effect of the object is detected. In this case, magnet and 
sensor element are in a defined fixed position relative to one another. 

German laid-open specification 3 1 45 542 discloses a paramagnetic oxygen 
sensor which allows the selective measurement of oxygen in gas mixtures on the basis of the 
striking paramagnetic property compared to other gases. This gives rise to a change in 

25 inductance in the field of a high-frequency coil. The weak effect requires measures to keep 
disruptive influences small. A number of high-frequency coils are provided which, screened 
thermally and mechanically from the environment in a housing, have good thermal coupling 
with one another. They are operated in a bridge circuit, while their induction fields run in 
pairs in the measurement gas and a reference gas. The coils are designed in a thermally stable 
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manner as printed silver coils on ceramic supports. Measurement gas and reference gas are 
guided in reflective quartz tubes in a gas-tight manner relative to the coils. In one design, the 
tubes run through the interior of the coils. In another design, the coils are located on both 
sides of a rotating plate, whereas the tubes are guided in a string-like manner past the plate in 
5 the induction field. This oxygen sensor is provided for use in particular in respiratory 
protection, diving equipment and medicine. 

The manufacture of such a sensor is associated with high technical outlay. 



10 It is an object of the invention to provide a simple sensor arrangement for 

measuring a medium that affects a magnetic field. 

According to the invention, this object is achieved by a magnetic-field- 
sensitive sensor arrangement comprising 

- a first conductor arrangement with at least two electrical half-bridges each 

1 5 : having at least two bridge branches, at least one of which contains a magnetic-field-sensitive 
semiconductor element, which sensor arrangement supplies a measurement signal depending 
on the magnetic field strength of a component of a magnetic field at the location of at least 
one of the half-bridges, this being referred to as the measurement field and being aligned in a 
measurement direction of the sensor arrangement, and 

20 - a device which forms the measurement field with a value of its magnetic 

field strength, which depends on the magnetic permeability of a medium that at least partially 
surrounds the sensor arrangement, whereby the measurement signal is a measure of the 
magnetic permeability of the medium. 

By means of such a sensor arrangement, the content of a particular substance 

25 of known magnetic permeability in the medium surrounding the sensor arrangement can 
easily be determined from the measurement signal in that the value of the latter is placed in 
relation with a value determined for a medium of known composition. In particular, liquid or 
gaseous media can be measured in this way by means of the sensor arrangement according to 
the invention. Preferably, the oxygen concentration in such a medium can be determined. 

30 The design of the sensor arrangement according to the invention with at least 

one magnetic-field-sensitive semiconductor element allows simple, compact and extremely 
cost-effective manufacture. The stability with respect to mechanical and thermal stresses is 
extremely high. Compared to conventional large-volume sensor arrangements with a space 
requirement of about 1 to 20 liters, a great miniaturization effect is achieved. By virtue of the 
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invention, a sensor arrangement is provided which is small, light, inexpensive and very 
versatile in its use. Besides a use in the fields of chemistry, physics or biology laboratory 
technology, sports, medicine or respiratory protection in the widest sense, the sensor 
arrangement according to the invention can also be used in the field of consumer technology, 
in particular motor vehicle technology. This includes in particular measuring the oxygen 
supply to internal combustion engines and also the oxygen content in exhaust gases for the 
preferred fields of use. 

In particular, in the magnetic-field-sensitive sensor arrangement according to 
the invention the at least one magnetic-field-sensitive element is designed as a 
magnetoresistive element. Despite the higher values of the measurement signal that can thus 
be achieved and the higher interference immunity thus provided, the magnetoresistive 
elements used are preferably those which use the so-called TMR effect or the so-called GMR 
effect as magnetoresistive effect. It is also possible to use magnetoresistive elements which 
use the so-called AMR effect as magnetoresistive effect, wherein lower values are set for the 
measurement signal on account of the physical properties of said magnetoresistive elements. 
Depending on the magnetoresistive effect used and possibly also on further materials used for 
manufacture, for example housing materials, sensor arrangements designed in this way can 
be used in a wide temperature range. For example, a temperature range of -65°C to 500°C is 
possible. Elements which use the Hall effect can in principle also be used. 

Preferably, the device which forms the magnetic field is designed with a 
stabilizing magnet. This is preferably designed as a permanent magnet, whereby a 
particularly simple, robust and cost-effective design of the sensor arrangement according to 
the invention is possible. If, on the other hand, a magnetic field with an adjustable field 
strength is desired, the device which forms the magnetic field may also be designed with 
coils, to which a current is fed in order to generate the magnetic field. 

According to a further development of the invention, the stabilizing magnet 
has a recess on one of its surfaces, via or in which recess the first conductor arrangement is 
arranged. Such recesses per se have already been described as crater-like depressions in 
German patent application 101 41 371.8. Said document furthermore states that the crater- 
like depressions are formed by flat surfaces or concave surfaces running toward the 
positioning plane. By virtue of such a design, in the sensor device described in said document 
it is achieved, in a simple manner, that magnetic fields lying in the positioning region of the 
sensor element can be minimized in a particularly optimal manner. A course of the magnetic 
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field lines designed in this way is also referred to as "divergence-free". A trench-like or pot- 
shaped recess is particularly advantageous for generating a divergence-free field. 

According to a further development of the magnetic-field-sensitive sensor 
arrangement according to the invention, the stabilizing magnet is magnetized such that the 

5 field lines of the magnetic field formed by it emerge essentially vertically from a bottom 
surface of the recess. In this way it is advantageously possible to achieve a magnetic field at 
the location of the first conductor arrangement which is at least virtually divergence-free 
even when the conductor arrangement is surrounded by a medium the relative magnetic 
permeability of which assumes at least almost the value 1 . The value of the magnetic field 

10 strength of the measurement field at the location of the first conductor arrangement is in this 
case at least almost zero. On the other hand, by virtue of this design of the surface of the 
stabilizing magnet of the field line course it is achieved that the value of the magnetic field 
strength of the measurement field increases as the value of the relative magnetic permeability 
. of the medium surrounding the first conductor arrangement increases. As a result, it is 

15 achieved in a simple maimer that the value of the measurement signal is a measure of the 
magnetic permeability of the medium and hence of the composition of the latter. 

In another refinement, the magnetic-field-sensitive sensor arrangement 
according to the invention has at least a second conductor arrangement for generating at least 
a first additional magnetic field component in the measurement direction of the sensor 

20 arrangement. This first additional magnetic field component can be superposed on the 

measurement field and can be used to compensate certain parts or the entire measurement :■ 
field. The second conductor arrangement is therefore also referred to as the compensation 
conductor. In order to form the first additional magnetic field component, the second 
conductor arrangement is acted upon by a current which is also referred to as the 

25 compensation current. 

Preferably, the at least a first additional magnetic field component is provided 
to superpose and/or compensate a magnetic field externally impressed on the sensor 
arrangement in the measurement direction. This is because if the compensation current is set 
for measurement purposes such that the entire measurement field is compensated, the value 

30 of the compensation current can also be evaluated as a measurement signal over the course of 
such a compensation measurement. On the other hand, the compensation current may also be 
selected such that the effect of interference fields or undesirable shifts in the value of the 
measurement signal — known as offsets — are compensated. 
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Another development of the magnetic-field-sensitive sensor arrangement 
according to the invention is characterized by at least a third conductor arrangement for 
generating at least a second additional magnetic field component in a direction which is at 
least largely at right angles to the measurement direction of the sensor arrangement. In 

5 particular, controlled reversal of the characteristic of the sensor arrangement, that is to say the 
function of the value of the measurement signal as a function of the magnetic field strength of 
the measurement field, can thus be achieved. This reversal, known as "flipping", takes place 
in the zero crossing of the field strength of the component of the magnetic field at right 
angles to the direction of the measurement field. The third conductor arrangement is therefore 

10 also referred to as the "flip conductor" and the current flowing through it to generate the at 
least a second additional magnetic field component is referred to as the "flip current". By 
means of this "flipping" of the characteristic, it is advantageously possible to determine an 
offset in it. In this way, the at least a second additional magnetic field component can be used 
to set an operating point of the sensor arrangement and is preferably provided for this 

15 purpose. 

In another refinement of the invention, the magnetic-field-sensitive sensor 
arrangement is characterized by an evaluation circuit to which the measurement signal of the 
sensor arrangement is fed, and also a temperature measurement device which is coupled to 
the evaluation circuit and in which a temperature signal is generated that is a measure of the 

20 current temperature of the sensor arrangement and/or of the medium surrounding the latter, 
wherein the temperature signal is likewise fed to the evaluation circuit in order to compensate 
a temperature-induced change in the measurement signal of the sensor arrangement. The 
temperature measurement device is formed for example by an additional sensor which is 
externally added to the conductor arrangements or to the evaluation circuit, but may also be 

25 formed by a sensor device accommodated internally within the evaluation circuit. By using 
such a temperature measurement device, the effect of temperature fluctuations on the 
measurement signal can advantageously be eliminated from the latter and thus the 
influencing variables of temperature and magnetic permeability are distinguished from one 
another. 

30 In particular, the compensation of the temperature-induced change in the 

measurement signal of the sensor arrangement in the evaluation circuit advantageously also 
comprises the compensation of a temperature-dependence of the device which forms the 
measurement field. In this way, not only is compensation of the temperature profile of the 
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first conductor arrangement achieved, but also of the stabilizing magnet, for example the 
remanence induction of the material of which this stabilizing magnet is made. 

Advantageously, according to a first variation the compensation of 
temperature-induced changes in the measurement signal of the sensor arrangement in the 
5 evaluation circuit is effected by converting the values of the measurement signal according to 
a predefined function of the temperature. This is carried out in particular by mathematical 
compensation during the further signal processing of the measurement signal in an arithmetic 
unit contained in the evaluation circuit. In a second variation, at least a fourth conductor 
arrangement which is coupled to the evaluation circuit and is fed by the latter according to a 

10 predefined function of the temperature is provided for impressing at least a third additional 
magnetic field component for compensating temperature-induced changes in the 
measurement signal of the sensor arrangement. Such a temperature compensation can 
preferably be carried out with field-generating coils that are connected to the device which 
forms the measurement field with a value of its magnetic field strength, that is to say in 

15 particular also to the stabilizing magnet. Said coils are actuated by the evaluation circuit and 
the temperature measurement device coupled thereto. 

According to another development, the magnetic-field-sensitive sensor 
arrangement is characterized by at least a fifth conductor arrangement which comprises at 
least one electrical half-bridge with at least two bridge branches that are insensitive to 

20 magnetic fields, which fifth conductor arrangement is connected to the first conductor 

arrangement or parts thereof in a predefined operating state of the sensor arrangement to form 
a bridge circuit. This fifth conductor arrangement is provided to supply a reference signal 
which is independent of the magnetic fields, and is also referred to as the "reference half- 
bridge". 

25 In one development, the fifth conductor arrangement is combined with at least 

the first conductor arrangement to form a common module. In this case, the "reference half- 
bridge" is integrated with the conductor arrangement which is also referred to as the "sensor 
bridge". This tight connection ensures operating parameters that are as greatly matched as 
possible between the reference half-bridge and the sensor bridge, in particular temperatures 

30 that at least largely coincide. 

In another development, the fifth conductor arrangement is combined with at 
least the evaluation circuit to form a common module. By means of such an integration of the 
reference half-bridge with the evaluation circuit, as great a matching as possible in particular 
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of the manufacturing tolerances and operating temperature is achieved between these 
modules. 

In another refinement of the magnetic-field-sensitive sensor arrangement 
according to the invention, the medium surrounding the sensor arrangement surrounds the 

5 first conductor arrangement only in the region of part of its half-bridges, and the rest of the 
sensor arrangement is surrounded by a material which suppresses the effect of the magnetic 
permeability of the medium on at least one of the half-bridges of the first conductor 
arrangement. Preferably, the at least one magnetic-field-sensitive semiconductor element of a 
first of the half-bridges is surrounded by the medium the magnetic permeability and hence 

1 0 the composition of which is to be measured, and the at least one magnetic-field-sensitive 
semiconductor element of a second of the half-bridges is surrounded by the material which 
suppresses the effect of the magnetic permeability of the medium on the at least one 
magnetic-field-sensitive semiconductor element. This material may be magnetically 
conductive or magnetically non-conductive. In particular, its magnetic permeability is 

15 selected to be matched to the design of the device which forms the measurement field with a 
value of its magnetic field strength, preferably the stabilizing magnet, such that a divergence- 
free magnetic field is produced around the second half-bridge. 

The second and third conductor arrangements may preferably have individual 
sections which are assigned in spatial and functional terms to the individual half-bridges of 

20 the first conductor arrangement, that is to say they are arranged close to said half-bridges and 
preferably act on them during operation. These sections of the second and third conductor 
arrangements are then preferably surrounded in a corresponding manner by the medium that 
is to be measured or by the material that suppresses the effect of the magnetic permeability of 
the medium that is to be measured. 

25 The magnetic-field-sensitive sensor arrangement according to the invention 

can advantageously be used to measure in particular gaseous or liquid media. It is preferably 
characterized by a design for a medium with variable oxygen content. In this way it can be 
particularly advantageously used as an oxygen sensor. Such an oxygen sensor is at least 
largely insensitive to 

30 - a measurement signal other than zero in an oxygen-free medium, that is to 

say an offset in the measurement signal, 

- temperature- and aging-induced changes in the offset, the measurement 
sensitivity and the magnetic field strength of the measurement field, and 

- external magnetic interference fields. 
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The magnetic-field-sensitive sensor arrangement according to the invention is 
thus particularly suitable for use in the motor vehicle technology sector. 

5 The invention will be further described with reference to examples of 

embodiments shown in the drawing to which, however, the invention is not restricted. 

Fig. 1 schematically shows a plan view of a first example of embodiment of a 
magnetic-field-sensitive sensor arrangement according to the invention. 

Fig. 2 schematically shows a plan view of the conductor arrangements of the 
1 0 first example of embodiment of the magnetic-field-sensitive sensor arrangement according to 
the invention as shown in Fig. 1. 

Fig. 3 schematically shows a section through the sensor arrangement of Fig. 1 
in a plane which runs along the y-axis perpendicular to the plane of the drawing of Fig. 1, 
with the form of a magnetic field in a first operating state. 
15 Fig. 4 shows a diagram in which an example of the magnetic field strength of 

the measurement field in the direction of the y-axis is plotted as a function of the distance 
from the coordinate zero point for the first operating state shown in Fig. 3. 

Fig. 5 schematically shows a section through the sensor arrangement of Fig. 1 
in a plane which runs along the y-axis perpendicular to the plane of the drawing of Fig. 1, 
20 with the form of a magnetic field in a second operating state. 

Fig. 6 shows a diagram in which an example of the magnetic field strength of 
the measurement field in the direction of the y-axis is plotted as a function of the distance 
from the coordinate zero point for the second operating state shown in Fig. 5. 

Fig. 7 shows a diagram with a schematic representation of a characteristic of a 
25 magnetoresistive sensor with an offset and a flipping of the characteristic profile controlled 
by applying a second additional magnetic field component in the direction of the x-axis, 
wherein the value of the measurement signal is plotted against the value of the magnetic field 
strength of the measurement field. 

Fig. 8 shows a diagram with a schematic representation of the temperature- 
30 dependence of a characteristic of a magnetoresistive sensor as shown in Fig. 7. 

Fig. 9 schematically shows a plan view of a second example of embodiment of 
a magnetic-field-sensitive sensor arrangement according to the invention. 
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Fig. 10 schematically shows a plan view of the conductor arrangements of the 
second example of embodiment of the magnetic-field-sensitive sensor arrangement according 
to the invention as shown in Fig. 9. 

Fig. 11 is a diagram showing an example of the dependence of the magnetic 
5 field strength of the measurement field on the relative magnetic permeability. 

Fig. 12 shows a first example of the design of a stabilizing magnet for use in a 
magnetic-field-sensitive sensor arrangement according to the invention. 

Fig. 13 shows a second example of the design of a stabilizing magnet for use 
in a magnetic-field-sensitive sensor arrangement according to the invention. 
10 Fig. 14 shows a third example of the design of a stabilizing magnet for use in a 

magnetic-field-sensitive sensor arrangement according to the invention. 



In the drawings, elements which coincide are provided with identical 

15 references. 

Fig. 1 schematically shows the plan view of a stabilizing magnet 1 with a 
square outline, which is designed with a centrally aligned recess 3 on its surface 2, a plate- 
like semiconductor substrate 4 being arranged plane-parallel to the surface 2 in the center of 
said recess. The semiconductor substrate 4 has on its surface 5 remote from the stabilizing 

20 magnet 1 a first conductor arrangement which is shown by the schematic representation of 
four magnetic-field-sensitive semiconductor elements 6, 7, 8 and 9. In this example of 
embodiment, the semiconductor elements 6, 7, 8 and 9 are designed as magnetoresistive 
resistor elements. Each of the semiconductor elements 6, 7, 8 and 9 is a bridge branch of the 
first conductor arrangement, wherein a first and a second of the semiconductor elements 

25 bearing references 6 and 7 form a first of two electrical half-bridges and a third and a fourth 
of the semiconductor elements bearing references 8 and 9 form the second of these half- 
bridges. A Cartesian coordinate system in the surface 5 of the semiconductor substrate 4 
points with its y-axis in the measurement direction of the sensor arrangement and with its x- 
axis at right angles thereto. The x-axis thus denotes the coordinate direction of the sensor 

30 arrangement which is also referred to as the insensitive direction and runs perpendicular to 
the so-called "hard axis" of the magnetoresistive resistor elements. The y-axis thus denotes 
the coordinate direction of the sensor arrangement which is also referred to as the sensitive 
direction and runs perpendicular to the so-called "easy axis" of the magnetoresistive resistor 
elements. The magnetoresistive resistor elements extend over the surface 5 of the 
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semiconductor substrate 4, that is to say in the x-y plane of the aforementioned Cartesian 
coordinate system. 

Fig. 2 shows a detailed schematic diagram of the semiconductor substrate 4 of 
the first example of embodiment of the magnetic-field-sensitive sensor arrangement 
according to the invention as shown in Fig. 1. The semiconductor elements 6, 7, 8 and 9 are 
electrically connected to one another to form two half-bridges which are arranged between a 
first and a second supply voltage terminal 10 and 1 1. The semiconductor elements 6, 7 and 8, 
9 of the two half-bridges are connected to one another in each case via a connecting point 12 
and 13, respectively, which in each case forms a tap for tapping off the measurement signal, 
denoted Vo. One of the two supply voltage terminals, for example the second one 1 1, may be 
led to ground potential. 

The semiconductor elements 6, 7, 8 and 9 are shown in the diagram of Fig. 2 
by hatched areas, the slope of which hatching symbolizes the alignment of the so-called 
barber pole structures when the semiconductor elements 6, 7, 8 and 9 are designed as so- 
called AMR elements (this abbreviation in this case stands for "anisotropic 
magnetoresistive"). If, on the other hand, the semiconductor elements 6, 7, 8 and 9 are 
designed as so-called GMR elements (this abbreviation in this case stands for "giant 
anisotropic magnetoresistive"), the slope of the hatching in the representation of the 
semiconductor elements 6, 7, 8 and 9 symbolizes the setting of the so-called internal "bias 
direction" of the GMR elements. 

Besides the first conductor arrangement comprising the semiconductor 
elements 6, 7, 8 and 9, a second conductor arrangement 14 is arranged on the surface 5 of the 
semiconductor substrate 4, said second conductor arrangement also being referred to as the 
compensation conductor. This comprises, for each of the four semiconductor elements 6, 7, 8 
and 9, in each case a conductor strip 15, 16, 17, 18 which is applied to said conductor 
element and is electrically isolated therefrom. All the conductor strips 15, 16, 17, 18 of the 
compensation conductor 14 are connected to one another in series as shown. At its ends, the 
compensation conductor 14 is connected to terminals 19 and 20. If a current, also referred to 
as the compensation current, is impressed on the compensation conductor 14, each of the 
conductor strips 15, 16, 17, 18 at the location of the associated semiconductor element 6, 7, 8 
and 9 generates a magnetic field component in the measurement direction, that is to say in the 
direction of the y-axis, which is superposed on the measurement field and by means of which 
an external magnetic field - in particular an interference field, but possibly also the 
measurement field depending on the mode of operation of the sensor arrangement - can be 
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compensated. In this case, the series connection of the conductor strips 15, 16, 17, 18 is 
designed such that the magnetic field component generated by the first and second conductor 
strips 15 and 16 is directed in the opposite direction to that of the magnetic field component 
generated by the third and fourth conductor strips 17 and 18. 

5 Finally, in the example of embodiment shown in Fig. 2, a third conductor 

arrangement 21 is applied above the first and second conductor arrangements 6, 7, 8, 9 and 
14, said third conductor arrangement likewise being electrically isolated from the two other 
conductor arrangements. This third conductor arrangement 21, which is also referred to as the 
flip conductor, likewise comprises, for each of the four semiconductor elements 6, 7, 8 and 9, 

10 in each case a conductor strip 22, 23, 24 and 25 which is applied to said conductor elements 
and is electrically isolated from the latter and also from the conductor strips 15, 16, 17, 18 of 
the compensation conductor 14. However, the conductor strips 22, 23, 24 and 25 of the flip 
conductor 21 are arranged at right angles to the conductor strips 15, 16, 17, 18 of the 
compensation conductor 14, since they are to generate, when acted upon by a current, the so- 

15 called flip current, a second additional magnetic field component in the insensitive direction 
x which is at right angles to the measurement direction y of the sensor arrangement. This 
second additional magnetic field component is used for the controlled flipping of the 
characteristic of the sensor arrangement when the semiconductor elements 6, 7, 8 and 9 are 
designed as AMR elements or for setting the internal bias direction when the semiconductor 

20 elements 6, 7, 8 and 9 are designed as GMR elements. All the conductor strips 22, 23, 24 and 
25 of the flip conductor 21 are also connected to one another in series. At its ends, the flip 
conductor 21 is connected to terminals 26 and 27. In this case, the series connection of the 
conductor strips 22, 23, 24 and 25 is designed such that all the magnetic field components 
generated by them are aligned in the same way in the direction of the x-axis. 

25 Fig. 3 shows a schematic diagram of a section through the stabilizing magnet 1 

and the semiconductor substrate 4 of the sensor arrangement of Fig. 1 in a plane which runs 
along the y-axis perpendicular to the plane of the drawing of Fig. 1 , with the form of a 
magnetic field in a first operating state in which the relative magnetic permeability \xrel of a 
medium which surrounds the sensor arrangement, and therein in particular the semiconductor 

30 substrate 4 and the surface 2 of the stabilizing magnet 1 in the region of the recess 3, assumes 
the value 1. This corresponds to the operating state in an oxygen-free medium. The field lines 
of the magnetic field H formed by the stabilizing magnet 1 in this operating state then run, in 
the region of the semiconductor substrate 4 and thus the first conductor arrangement located 
thereon with the semiconductor elements 6, 7, 8, 9, at least virtually exclusively at right 
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angles to a plane formed by the x- and y-axis, in a direction referred to as the z-axis. The 
magnetic field H at the location of the first conductor arrangement with the semiconductor 
elements 6, 7, 8, 9 is thus at least virtually divergence-free, and the magnetic field strength 
Hy of the measurement field is at least virtually zero. 

5 In Fig. 4, the profile of the magnetic field strength Hy of the measurement 

field is plotted against the y coordinate using numerical values given by way of example. 

In the example of embodiment of the sensor arrangement shown in Fig. 1, use 
is preferably made of a stabilizing magnet 1 as shown separately in Fig. 12. The stabilizing 
magnet 1 shown in Fig. 12 is of a square shape. Provided on its square surface 2 is a recess 3 

10 which is likewise of square shape. Arranged in this recess 3 is a semiconductor substrate 4, 
the surface 5 of which that is remote from the stabilizing magnet 1 in this case lies in the 
plane of the surface 2 of the stabilizing magnet 1. Furthermore arranged in this plane is the 
Cartesian coordinate system consisting of x-axis and y-axis, wherein the axes run at right 
angles to the edge sides of the surface 2 of the stabilizing magnet 1 , said edge sides 

1 5 intersecting said axes. The coordinate direction running at right angles to the plane formed by 
the x- and y-axes is formed by a z-axis which in the example shown passes through the center 
of the surface 2, the recess 3 and the semiconductor 4, so that the edges of the recess are 
formed with the same width on all sides in both coordinate directions x and y. The stabilizing 
magnet 1 is furthermore magnetized such that, for the case where the relative magnetic 

20 permeability constant jxrel assumes the value 1, a magnetic field which is at least largely 

divergence-free both in the direction of the x-axis and in the direction of the y-axis is formed 
at least in the direct vicinity of the z-axis enclosed by the semiconductor substrate 4. As an 
example of the size, such a stabilizing magnet 1 may have external dimensions of 8 mm x 
8 mm x 4.5 mm. 

25 In Fig. 13, reference 100 separately shows a variation of the stabilizing magnet 

1 shown in Fig. 12, this magnet having a circular shape. Provided on its circular surface 200 
is a recess 300 which is likewise of circular shape. Arranged in this recess 300 is the 
semiconductor substrate 4, the surface 5 of which that is remote from the stabilizing magnet 
100 in this case lies in the plane of the surface 200 of the stabilizing magnet 100. 

30 Furthermore arranged in this plane is the Cartesian coordinate system consisting of x-axis 
and y-axis, wherein the axes run at right angles to the edge sides of the semiconductor 
substrate 4, said edge sides intersecting said axes. The coordinate direction running at right 
angles to the plane formed by the x- and y-axes is formed in this case too by a z-axis which in 
the example shown passes through the center of the surface 200, the recess 300 and the 
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semiconductor substrate 4, so that the z-axis coincides with the axis of rotation of the circular 
shape of the stabilizing magnet 100. The edge of the recess 300 is formed with the same 
width in all directions of the plane formed by the x- and y-axes. The stabilizing magnet 100 is 
furthermore magnetized such that, for the case where the relative magnetic permeability 
5 constant |xrel assumes the value 1 , a magnetic field which is at least largely divergence-free 
in all directions of the plane formed by the x- and y-axes is formed at least in the direct 
vicinity of the z-axis enclosed by the semiconductor substrate 4. 

If the sensor arrangement shown in Fig. 1 is exposed, starting from the 
operating state shown in Figs. 3 and 4, to a medium with a higher value of the relative 

10 magnetic permeability constant jirel, for example to an oxygen-containing gaseous medium, 
the profile of the magnetic field H shown in Fig. 3 deforms such that it becomes more and 
more divergent in the region of the semiconductor substrate 4 in the direction of the x-axis 
and the y-axis. The magnetic field H, which passes through the first conductor arrangement 6 
arranged on the semiconductor substrate 4, thus has a component of this magnetic field H in 

15 the sensitive direction of the sensor arrangement which increases as the value of the relative 
magnetic permeability constant |irel increases: the magnetic field strength Hy of the 
: measurement field increases. As a result, a measurement signal Vo is generated in thesensor 
arrangement, the value of which measurement signal is directly proportional to the magnetic 
field strength Hy of the measurement field. The value of the measurement signal Vo is thus 

20 • directly proportional to the oxygen content of the medium surrounding the sensor 
arrangement. 

Fig. 5 shows, for an operating state in which the oxygen content of the 
medium surrounding the sensor arrangement is 100%, a schematic diagram of a section 
through the stabilizing magnet 1 and the semiconductor substrate 4 of the sensor arrangement 

25 of Fig. 1 in a plane which runs along the y-axis perpendicular to the plane of the drawing of 
Fig. 1, with the form of the magnetic field H in this operating state in which the relative 
magnetic permeability |nrel of the medium which surrounds the sensor arrangement, and 
therein in particular the semiconductor substrate 4 and the surface 2 of the stabilizing magnet 
1 in the region of the recess 3, assumes the value 1.15. This corresponds to the operating state 

30 in a medium consisting of pure oxygen. For comparison purposes, some of the field line 
profiles from the operating state of Fig. 3 are shown in dashed line in Fig. 5. 

Fig. 6 shows a diagram, comparable to Fig. 4, of the magnetic field strength 
Hy of the measurement field as a function of the y coordinate for the operating state shown in 
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Fig. 5, with exemplary numerical values and a clearly visible rise in the magnetic field 
strength Hy of the measurement field as a function of the y coordinate. 

Fig. 7 shows a diagram with a schematic representation of a characteristic of 
the magnetoresistive sensor arrangement shown in Fig. 1, 2, 3 or 5. Therein, the value of the 
5 measurement signal Vo is plotted against the value of the magnetic field strength Hy of the 
measurement field. The measurement signal Vo describes an essentially sinusoidal curve as a 
function of the magnetic field strength Hy of the measurement field, which curve has a zero 
offset which is denoted "offset" and the orientation of which depends on the direction of the 
magnetic field in the insensitive direction, that is to say the x-axis. In Fig. 7, two 
10 characteristic profiles for two directions of the magnetic field in the direction of the x-axis 
are shown by way of example: the characteristic profile shown in unbroken line is for a 
magnetic field oriented in one direction whereas the characteristic profile shown in dashed 
line is obtained when this orientation is reversed. This is symbolized by the arrows on the 
characteristics and the reference Mx. 
15 By reversing the direction of the magnetic field acting on the sensor 

arrangement along the x coordinate, the characteristic profile can be flipped. This flipping of 
the characteristic takes place in the zero crossing of the field strength of the component of the 
magnetic field in the x direction and is brought about in the sensor arrangement shown by 
way of example by a current, the flip current, which flows through the flip conductor 21 and 
20 thus generates a second additional magnetic field component. The second additional 

magnetic field component in the direction of the x-axis is superposed on the magnetic field of 
the stabilizing magnet 1 and thus controls the flipping of the characteristic profile. 

With the aid of this flipping of the characteristic, an offset in the latter can 
advantageously be determined. For this purpose, the flip current is fed into the flip conductor 
25 21 in a pulsed manner, in order that an operating point of the sensor arrangement can be set 
and the characteristic profile obtained therefor can be determined. The zero offset, denoted 
"offset", is determined from the point of intersection of the resulting characteristic profiles. 

During operation of the sensor arrangement, a stable operating point is set by 
the flip current, which is now kept constant, and thus the second additional magnetic field 
30 component in the direction of the x-axis following determination of the zero offset. In the 
event of further flowing flip current and thus a stable operating point of the sensor 
arrangement, a compensation current is then fed into the compensation conductor 14 and the 
value thereof is set such that the value of the measurement signal Vo is equal to the 
previously determined value of the zero offset The value of the compensation current which 
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then flows is a measure of the relative magnetic permeability jirel of the medium which 
surrounds the sensor arrangement, and thus of the oxygen content thereof 

In this design of the magnetic circuit, an effective component Hy of the 
magnetic field strength in the y direction is obtained only when the magnetic permeability of 

5 the medium which surrounds the sensor arrangement changes. This component Hy of the 
magnetic field strength in the y direction has the same relative temperature coefficient as the 
remanence of the stabilizing magnet 1, that is to say the magnetic field strength or magnetic 
induction of the magnetic field H formed by the stabilizing magnet 1. The value of the 
measurement signal Vo, which is obtained in the manner described, is thus still dependent on 

10 the temperature and must be temperature-compensated using an additional temperature 
sensor which is not shown in the drawing. This preferably takes place in an evaluation 
circuit, which is connected to the first conductor arrangement 6, 7, 8, 9 via the first and 
second connecting points 12, 13 and is fed the measurement signal Vo of the sensor 
arrangement. Also connected to this evaluation circuit is the temperature sensor in which a 

15 temperature signal is generated which is a measure of the current temperature of the sensor 
arrangement The temperature signal is likewise fed to the evaluation circuit in order to 
compensate the temperature-induced change in the measurement signal Vo of the sensor 
arrangement. 

Fig. 8 shows an example of a diagram with a schematic representation of the 
20 temperature-dependence of a characteristic Vo over Hy of a magnetoresistive sensor 

arrangement. Characteristic examples for the four values -25°C, 25°C, 75°C and 125?C of the 
temperature, denoted T, of the sensor arrangement, that is to say of the semiconductor 
substrate 4 with the elements arranged thereon, are plotted. The operating range in which this 
characteristic is used in the described example is denoted OR and in this case is about 
25 4 kA/m. When using the above-described compensating measurement, in which a 

compensation current is fed into the compensation conductor 14 and the value thereof is set 
such that the value of the measurement signal Vo is equal to the previously determined value 
of the zero offset, only a very small range around the zero point is used by the characteristics 
shown in Fig. 8. The temperature coefficient of the sensitivity of the sensor can thus then be 
30 disregarded. 

The above-described sensor arrangement forms an integrated paramagnetic 
oxygen sensor. In this case, homogeneous magnetic interference fields are suppressed by a 
gradiometric design of the magnetic-field-sensitive semiconductor elements combined in the 
first conductor arrangement, that is to say by an arrangement of these semiconductor 
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elements in the configuration of a gradient sensor. Compensation of the zero offset including 
the temperature effect thereof is made possible by flipping the characteristic. The effect of 
temperature on the measurement sensitivity of the first conductor arrangement is also kept 
small, such that it can be disregarded, by using the compensation principle where a 

5 compensation current is used during the measurement. 

The effect of temperature on the remanence of the stabilizing magnet can be 
suppressed on the one hand in the described manner by an additional temperature 
measurement and compensation of the temperature coefficient of the remanence by means of 
an evaluation circuit. For this purpose, the evaluation circuit must be fed data about the 

10 temperature coefficient of the remanence or have such data stored within it. On the other 
hand, compensation of the temperature coefficient of the remanence may be carried out by 
field-generating coils which are additionally arranged in the region of the stabilizing magnet, 
which coils were referred to in the introduction as the fourth conductor arrangement. Said 
coils are likewise actuated as a function of a temperature measured on the sensor arrangement 

15 and the temperature coefficient of the remanence and compensate temperature-induced 
fluctuations in the remanence. 

During operation of the sensor arrangement, a simultaneous fluctuation both of 
the oxygen content of the medium and of the temperature can be distinguished from one 
another only with the aid of the additional temperature measurement described above. If a 

20 temperature measurement is to be omitted in order to reduce the outlay on apparatus, these 
simultaneous fluctuations must be ruled out. 

Fig. 9 schematically shows, in a plan view, a further example of embodiment 
of a magnetic-field-sensitive sensor arrangement according to the invention. For the sensor 
arrangement shown here, a square stabilizing magnet 301 is used which is designed with a 

25 recess 301 aligned centrally in the x-axis on its surface 201, a plate-like semiconductor 

substrate 401 being arranged plane-parallel to the surface 201 in the center of said recess. The 
semiconductor substrate 401 has on its surface 501 remote from the stabilizing magnet 101a 
first conductor arrangement which is shown by the schematic representation of four 
magnetic-field-sensitive semiconductor elements 6, 7, 8 and 9 and is identical to that of 

30 Figs. 1 and 2. A Cartesian coordinate system in the surface 501 of the semiconductor 

substrate 401 points with its y-axis in the measurement direction of the sensor arrangement 
and with its x-axis at right angles thereto. The x-axis thus denotes the coordinate direction of 
the sensor arrangement which is also referred to as the insensitive direction and runs 
perpendicular to the so-called "hard axis" of the magnetoresistive resistor elements. The y- 
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axis thus denotes the coordinate direction of the sensor arrangement which is also referred to 
as the sensitive direction and runs perpendicular to the so-called "easy axis" of the 
magnetoresistive resistor elements. The magnetoresistive resistor elements extend over the 
surface 501 of the semiconductor substrate 401, that is to say in the x-y plane of the 

5 aforementioned Cartesian coordinate system. 

Compared to the arrangement shown in Fig. 1, two modifications are shown in 
Fig. 9. On the one hand, the recess 301 on the surface 201 of the stabilizing magnet 101 
extends in the y direction, that is to say in the sensitive direction of the sensor arrangement, 
over the entire extent of the stabilizing magnet 101. In this way, a magnetic field that is at 

10 least virtually divergence-free only in the x direction is obtained at the location of the 
semiconductor substrate 401, whereas the magnetic field in the sensitive y direction is 
divergent at the location of the semiconductor substrate 401. On the other hand, half the 
sensor arrangement, that is to say of the stabilizing magnet 101 and of the semiconductor 
substrate 401, is provided with a cover 502, the edge of which runs along the x-axis centrally 

15 above the stabilizing magnet 101 and the semiconductor substrate 401. The cover 502 is 
made of a material which suppresses an effect of the magnetic permeability of the medium 
that is to be measured on the second half-bridge of the first conductor arrangement 6, 7, 8, 9, 
said second half-bridge being formed from the third and fourth semiconductor elements 8, 9, 
and preferably completely encapsulates said second half-bridge. The medium that is to be 

20 measured and surrounds the rest of the sensor arrangement surrounds the first conductor 
arrangement 6, 7, 8, 9 only in the region of its first half-bridge formed from the first and 
second semiconductor elements 6, 7. The material of the cover 502 may be magnetically 
conductive or magnetically non-conductive; its magnetic permeability is preferably constant. 
In particular, this magnetic permeability may be selected to be matched to the design of the 

25 stabilizing magnet 101 such that an at least largely divergence-free magnetic field is 
generated around the second half-bridge 8, 9. 

Fig. 10 shows a more detailed schematic diagram of the semiconductor 
substrate 401 of the second example of embodiment of the magnetic-field-sensitive sensor 
arrangement according to the invention as shown in Fig. 9. The first conductor arrangement 

30 comprising the semiconductor elements 6, 7, 8 and 9 corresponds to that of the arrangement 
shown in Fig. 2, although the measurement signals can now be evaluated separately at the 
first and second connecting points 12, 13 of the individual half-bridges 6, 7 and 8, 9 and are 
therefore provided with distinct references Vol and Vo2. This is achieved by appropriate 
connections to an evaluation circuit (not shown). 
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Besides the first conductor arrangement, a second conductor arrangement is 
arranged on the surface 501 of the semiconductor substrate 401 . Said second conductor 
arrangement comprises, for each of the four semiconductor elements 6, 7, 8 and 9, in each 
case a conductor strip 15, 16, 17, 18 which is applied to said conductor element and is 
5 electrically isolated therefrom. The first 15 and second 16 of these conductor strips are 

connected to one another in series as shown and form a first compensation conductor 141. At 
its ends, the first compensation conductor 141 is connected to terminals 143 and 144. The 
third 17 and fourth 18 of the conductor strips of the second conductor arrangement are 
likewise connected to one another in series and form a second compensation conductor 142. 

10 At its ends, the second compensation conductor 142 is connected to terminals 145 and 146. If 
currents, also referred to as the first and second compensation currents Icompl and Icomp2, 
are impressed on the compensation conductors 141, 142, each of the conductor strips 15, 16, 
17, 18 at the location of the associated semiconductor element 6, 7, 8 and 9 generates a 
magnetic field component in the measurement direction, that is to say in the direction of the 

15 y-axis, which is superposed on the measurement field and by means of which an external, 
magnetic field - in particular an interference field, but possibly also the measurement field 
depending on the mode of operation of the sensor arrangement - can be compensated. In this 
case, different compensation currents may be impressed on the compensation conductors 
141, 142 and thus different magnetic field components in the measurement direction may be 

20 superposed on the semiconductor elements 6, 7 and 8, 9 of the various half-bridges. 

Finally, in the example of embodiment shown in Fig. 10, a third conductor 
arrangement 21 is applied above the first and second conductor arrangements 6, 7, 8, 9 and 
141, 142, which third conductor arrangement corresponds in terms of its design to that of 
Fig. 2 and is also once again used as a flip conductor. 

25 The magnetic-field-sensitive sensor arrangement according to the example of 

embodiment shown in Fig. 9 finally contains a fifth conductor arrangement which comprises 
one electrical half-bridge with two bridge branches that are insensitive to magnetic fields. 
This fifth conductor arrangement, which is also referred to as the reference half-bridge, is 
provided to supply a reference signal that is independent of the magnetic fields and is not 

30 shown in the figures. The reference half-bridge is connected to the individual half-bridges of 
the first conductor arrangement in a predefined operating state of the sensor arrangement to 
form a bridge circuit. The reference half-bridge is optionally integrated with the first 
conductor arrangement or preferably with the evaluation circuit. 
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Fig. 14 shows, as a third example of the design of a stabilizing magnet for use 
in a magnetic-field-sensitive sensor arrangement according to the invention, a separate 
representation of the stabilizing magnet 101 as used in a sensor arrangement as shown in 
Figs. 9 and 10. As an example of the size, such a stabilizing magnet 101 may have external 

5 dimensions of 8 mm * 6 mm x 4.5 mm. 

Using the sensor arrangement as shown in Figs. 9 and 10, a measurement for 
example of the oxygen concentration in the medium surrounding the first half-bridge 6, 7 can 
be carried out according to the following scheme. 

In a first operating step, a full bridge is formed by electrically connecting the 

10 first half-bridge 6, 7 and the reference half-bridge. The compensation conductors 141, 142 do 
not carry any compensation currents in this operating step. By applying a flip current to the 
flip conductor 21, the characteristic of the magnetic-field-sensitive first half-bridge 6, 7 can 
then be flipped and a bridge output voltage can be measured in the two operating points of 
the first half-bridge 6, 7 that are thus set, which bridge output voltage is composed of the 

15 measurement signal Vol of the first half-bridge 6, 7 and the reference signal which is 
independent of the magnetic fields. The zero offset of the characteristic profile for the 
measurement signal Vol — again denoted "offset" — then corresponds to the mean value of 
the bridge output voltages measured in the two operating points. This measurement is based 
on conditions comparable to Fig. 7. 

20 In a second operating step, a full bridge is formed by electrically connecting 

the second half-bridge 8, 9, provided with the cover 502 on the semiconductor substrate 401 
and the stabilizing magnet 101, and the reference half-bridge. The compensation conductors 
141, 142 still do not carry any compensation currents in this operating step. By applying a 
flip current to the flip conductor 21, the characteristic of the magnetic-field-sensitive second 

25 half-bridge 8, 9 is then flipped and a bridge output voltage is measured in the two operating 
points of the second half-bridge 8, 9 that are thus set, which bridge output voltage is 
composed of the measurement signal Vo2 of the second half-bridge 8, 9 and the reference 
signal. The zero offset of the characteristic profile for the measurement signal Vo2 - again 
denoted "offset* * - then corresponds to the mean value of the bridge output voltages measured 

30 in the two operating points. This measurement is also based on conditions comparable to Fig. 
7. 

In a third operating step, taking into account the zero offsets determined in the 
first and second operating steps, the full bridge formed in the second operating step can be 
balanced by means of a second compensation current Icomp2 fed through the second 
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compensation conductor 142. The magnetic field strength in the sensitive direction of the 
magnetic-field-sensitive semiconductor elements 8, 9 is thus measured directly, so that the 
temperature coefficient of the magnetic material of the stabilizing magnet 101 is taken into 
account, that is to say its effect on the measurement is suppressed. 
5 In the fourth operating step, the second compensation current Icomp2 

determined in the third operating step is furthermore fed through the second compensation 
conductor 142 of the covered second half-bridge 8, 9. A first compensation current Icompl is 
then fed through the first compensation conductor 141 of the uncovered first half-bridge 6, 7 
and set such that the overall bridge output signal, that is to say the difference in the 
10 measurement signals Vol and Vo2, becomes zero. A linear dependence between the 
magnetic field strength Hy in the sensitive direction of the magnetic-field-sensitive 
semiconductor elements 6, 7 and the relative magnetic permeability of the medium 
surrounding these semiconductor elements 6, 7 is thus used, as shown in the diagram of 
Fig. 1 1 . This diagram shows said dependence in the range of values of the relative magnetic 
15 permeability |irel passed through by varying the oxygen content of a medium, preferably a 
gaseous medium, that is to say the modulation of the magnetic field strength Hy of the 
component of the magnetic field, also refenred to as the scattered field, in the sensitive 
direction by changing the relative magnetic permeability pxel of the surrounding gaseous 
medium. This linear dependence can thus be used to measure oxygen. 
20 In a fifth operating step, the difference in the two compensation currents 

Icompl and Icomp2 set in the previous operating steps is determined. It is a measure of the 
oxygen content of the surrounding medium. On the other hand, the second compensation 
current Icomp2, which flows through the conductor strips 17, 18 of the second compensation 
conductor 142 below the cover 502, is a direct measure of the possibly temperature- and 
25 aging-dependent magnetic field strength of the magnetic field. 

If, in the above-described second example of embodiment, the five operating 
steps are repeated cyclically, homogeneous magnetic interference fields can be suppressed 
with such a sensor arrangement by a gradiometric design of the semiconductor elements 6, 7, 
8, 9 as in the first described example of embodiment. Flipping of the characteristics in this 
30 case too allows simple and effective determination and compensation of the zero offset 
including the temperature-dependence of the latter. By applying a compensation principle 
using the compensation currents fed through the compensation conductors, the effect of 
temperature on the measurement sensitivity of the sensor arrangement can be kept low such 
that it can be disregarded. In addition, the effect of temperature on the remanence of the 
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stabilizing magnet is compensated. Finally, by evaluating the compensation currents in both 
compensation conductors, it is possible also to evaluate changes in the temperature and 
oxygen content that occur over time, without requiring an additional temperature 
measurement. 

5 The invention provides a cost-effective miniaturized design of a paramagnetic 

oxygen sensor by means of which it is possible, given sufficiently high signal deviations and 
negligible cross-sensitivity, to measure the oxygen content of a gas mixture as required in 
many fields of application. The use of magnetoresistive elements which use the so-called 
GMR effect as the magnetoresistive effect is to be preferred because a particularly high 

10 measurement sensitivity of the sensor arrangement according to the invention can thereby be 
achieved. 
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25 



magnet 1 



1 stabilizing magnet with square shape 

2 surface of the stabilizing magnet 1 

3 recess in the surface 2 of the stabilizing magnet 1 

4 semiconductor substrate 

5 surface of the semiconductor substrate 4 remote from the stabilizing 

6 first magnetic-field-sensitive semiconductor element for the first half- 
bridge of the first conductor arrangement 

7 second magnetic-field-sensitive semiconductor element for the first 

10 half-bridge of the first conductor arrangement 

8 third magnetic-field-sensitive semiconductor element for the second 

half-bridge of the first conductor arrangement 

9 fourth magnetic-field-sensitive semiconductor element for the second 

half-bridge of the first conductor arrangement 

15 10 first supply voltage terminal 

1 1 second supply voltage terminal (e.g. at ground potential) 

12 first connecting point 

1 3 second connecting point 

14 second conductor arrangement, also referred to as compensation 

20 conductor 

15 first conductor strip of the second conductor arrangement 14 or 141, 

142 (for the first semiconductor element 6) 

16 second conductor strip of the second conductor arrangement 14 or 

141, 142 (for the second semiconductor element 7) 

17 third conductor strip of the second conductor arrangement 14 or 141 , 

142 (for the third semiconductor element 8) 

18 fourth conductor strip of the second conductor arrangement 14 or 

141, 142 (for the fourth semiconductor element 9) 

19 first terminal of the second conductor arrangement 14 
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20 second terminal of the second conductor arrangement 14 

21 third conductor arrangement, also referred to as flip conductor 

22 first conductor strip of the third conductor arrangement 21 (for the 
first semiconductor element 6) 

5 23 second conductor strip of the third conductor arrangement 2 1 (for the 

second semiconductor element 7) 

24 third conductor strip of the third conductor arrangement 2 1 (for the 
third semiconductor element 8) 

25 fourth conductor strip of the third conductor arrangement 2 1 (for the 
1 0 fourth semiconductor element 9) 

26 first terminal of the third conductor arrangement 2 1 

27 second terminal of the third conductor arrangement 2 1 

1 00 stabilizing magnet, variation shown in Fig. 1 3 
15 101 stabilizing magnet, variation shown in Fig. 14 

141 first compensation conductor shown in Fig. 10 

142 second compensation conductor shown in Fig. 10 

1 43 first terminal of the first compensation conductor 141 
20 144 second terminal of the first compensation conductor 141 

145 first terminal of the second compensation conductor 142 

146 second terminal of the second compensation conductor 142 

200 surface of stabilizing magnet 100 
25 20 1 surface of stabilizing magnet 101 

300 recess in the surface 200 of stabilizing magnet 100 

301 recess in the surface 201 of stabilizing magnet 101 

30 401 semiconductor substrate, variation shown in Fig. 10 



501 

stabilizing magnet 



surface of the semiconductor substrate 401 remote from the 

101 
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10 



101 



502 cover on the semiconductor substrate 401 and the stabilizing magnet 



H magnetic field formed by the stabilizing magnet 1 
Hy magnetic field strength of the measurement field 

Icompl first compensation current in the first compensation conductor 141 
Icomp2 second compensation current in the second compensation conductor 



142 



Mx symbolization of the direction of orientation of the magnetic field in 
the x direction at the location of the sensor arrangement in the representation of the 
characteristic profile Vo over Hy 

1 5 offset zero offset of the characteristic profile Vo over Hy 

OR operating range in which the characteristic Vo over Hy is used 

T temperature of the sensor arrangement, that is to say of the 

semiconductor substrate 4 with the elements arranged thereon 

20 

Vo measurement signal 

Vol measurement signal of the first half-bridge 6, 7 
Vo2 measurement signal of the second half-bridge 8, 9 

25 x insensitive coordinate direction of a Cartesian coordinate system in 

the surface 5 of the semiconductor substrate 4 of the sensor arrangement 

y sensitive coordinate direction of a Cartesian coordinate system in the 

surface 5 of the semiconductor substrate 4 of the sensor arrangement; measurement direction 
30 of the sensor arrangement 



z coordinate direction at right angles to a plane formed by the x- and y- 

axes 
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jirel relative magnetic permeability of the medium which surrounds the 
sensor arrangement 



